Antagonist-based pharmacotherapies have attracted attention as treatments that increase the initiation and maintenance of drug abstinence (Cooper & Comer, 2009; Ross & Peselow, 2009 ). These drugs function by directly or indirectly blocking neurotransmission of dopamine in the mesolimbic reward pathways in the brain, reducing self-administration of drugs of abuse by suppressing the reinforcing or subjective properties of the drug (e.g., Beardsley, Thomas, & McMahon, 2009; Ross & Peslow, 2009 ). Two such classes of antagonists are opioid blockers and more recently, cannabinoid blockers.
Opioid blockers, such as naloxone and naltrexone, are antagonists of the endogenous opioid neurotransmitter system, which is an established mechanism in alcohol and opioid reward (Herz, 1997; Walker & Koob, 2008) . When administered, drinking decreases in alcohol-dependent and heavy drinking populations (e.g., Batki et al., 2007; Davidson, Palfai, Bird, & Swift, 1999; Galloway, Koch, Cello, & Smith, 2005) and heroin use lessons in opioid-dependent individuals (e.g., Sullivan, Vosburg, & Comer, 2006 ). Animal studies also support that naltrexone and naloxone reduce ethanol self-administration in rodents and primates (e.g., Carroll, Cosgrove, Campbell, Morgan, & Mickelberg, 2000; Escher & Mittleman, 2006; Kamdar et al., 2007; Samson & Doyle, 1985; Schwartz-Stevens, Files, & Samson, 1992; Sharpe & Samson, 2001; Williams & Broadbridge, 2009) .
Drugs that antagonize endocannabinoid activity in the brain by blocking the CB1 receptor have drawn recent attention also as a potential pharmacotherapy for putative addictive behaviors (see Beardsley et al., 2009, and , for reviews), especially for nicotine dependence (Beardsley & Thomas, 2005; Beardsley et al., 2009; Cohen, Kodas, & Griebel, 2005; Le Foll, Forget, Aubin, & Goldberg, 2008) . This application comes from animal studies that support that pretreatment of rimonabant reduces nicotine self-administration in rats (Cohen, Perrault, Voltz, Steinberg, & Soubrie, 2002) and interferes with conditioned cues associated with the reinstatement of nicotine self-administration (Cohen, Perrault, Griebel, & Soubrie, 2005; Kodas, Cohen, Louis, & Griebel, 2007) .
Despite the effectiveness of these antagonists in reducing drug self-administration, there are some drawbacks to their use. Rimonabant, for example, when used to treat obesity (as a substance that blocks food reward) may be associated with an elevated risk of side effects that include major depressive symptoms, including suicidal ideation (see, e.g., Scheen, Hollander, Jensen, & Van Gaal, 2006) . These side effects (to date) have prevented its acceptance and use by the United States Food and Drug Administration (U.S. FDA, 2007) as a treatment for obesity, and led to its removal in Europe (European Medicines Agency, 2008) until risk potential is better understood.
One manner in which rimonabant's depression-related side effects may be better understood is to conceptualize depression as a condition in which a variety of situations or activities are no longer rewarding (see Costello, 1972) . In addition to attenuating the properties of drug reinforcers, rimonabant also reduces the rewarding properties of food (Rasmussen & Huskinson, 2008; Solinas & Goldberg, 2005) , the reward efficacy of medial forebrain stimulation (Pillolla et al., 2007; Vlachou, Nomikos, & Panagis, 2006) , and some conditioned reinforcers (De Vries & Schoffelmeer, 2005; Rasmussen & Huskinson, 2008) . This reduction of behavioral sensitivity to a variety of nondrug reinforcers may be associated with the aforementioned increase in risk of rimonabant-related depression.
Naloxone may also reduce the rewarding properties of a variety of reinforcers besides drugs. For instance, the reward efficacy of standard food pellets (Glass, O'Hare, Cleary, Billington, & Levine, 1999) , sweetened condensed milk (Schneider, Heise, & Spanagel, 2000) , sucrose (Agustín-Pavó n, Martínez-Ricó s, Martínez-García, & Lanuza, 1989; Glass et al., 1999) , and nucleus accumbens-based brain self stimulation (Trujillo, Belluzzi, & Stein., 1989a; Trujillo, Belluzzi, & Stein, 1989b ) diminishes with naloxone administration. There are difficulties with compliance when naloxone is used solely as a pharmacotherapy (see Mark, Kranzler, & Song, 2003) ; while many factors are implicated as reasons for noncompliance, one may be anhedonia (Zurita, Martijena, Cuadra, Brandão, & Molina, 2010 ).
An underlying assumption of successful treatment of drug abuse is that individuals must make contact with alternative nondrug reinforcers (see, e.g., reviews on contingency management: Higgins, Heil, & Lussier, 2004; Stitzer & Petry, 2006) . If the effectiveness of nondrug reinforcers is reduced by a pharmacotherapy, especially those that are important for maintaining a healthy, drug-free lifestyle, the probability of relapse may increase.
One example of a nondrug reinforcer that has been suggested to be of utility in terms of enhancing abstinence is physical activity. Exercise has been shown to be an effective adjunctive intervention for substance abusers who undergo contingency management (CM) treatment, in that individuals who consistently exercised during the intervention had more sustained periods of abstinence than those who did not (Weinstock, Barry, & Petry, 2008) . In other studies, substance abusers who engaged in exercise as a sole treatment for substance abuse exhibited better substance use-related outcomes compared to those not engaging in activity-based treatment (Brown et al., 2009; Brown et al., 2010) . Research on exercise as an adjunctive treatment for nicotine dependence also suggests that exercise increases abstinence rates of nicotine users (Prochaska, Hall, Muňoz, Reus, & Hu, 2008) and improves mood in abstaining smokers (Everson, Daley, & Ussher, 2008) .
The present study seeks to characterize antagonist-related effects using a model of wheel-running exercise reinforcement in rats. Wheel running is an ecologically valid model of activity-based reinforcement. Lever pressing for access to a running wheel has been placed under various schedules of reinforcement, and schedule patterning that is similar to that generated by other reinforcers such as food, water, and sucrose has been demonstrated (Belke, 1996 (Belke, , 2004 Belke, Pierce & Jensen, 2004; Collier & Hirsch, 1971; Iversen, 1993; Kagan & Brekun, 1953) . Wheel activity has also been placed under a progressive ratio (PR) schedule of reinforcement (Pierce, Epling, & Boer, 1986; Smith & Rasmussen, 2010) . The PR schedule is a well-established procedure that determines a reinforcer's value by increasing the response requirement for access to it within session (see Markou et al., 1993; Stafford, LeSage, & Glowa, 1998 for reviews) . The point at which ratio strain occurs is referred to as the breakpoint and is used as a measure of the reinforcer's value. The PR schedule also allows for differentiation of specific motivational effects of behavior to be isolated. First, there are behavioral endpoints (e.g., breakpoint) involved with gaining access to the reinforcer, that is, seeking (appetitive behavior). Second, other features of behavior allow examination of consuming or engaging in the reinforcer, that is, consummatory behavior. Wheel revolutions made during the reinforcer interval would be an example.
Under the PR schedule, rats have been shown to exhibit reasonably high breakpoints (e.g., 100 responses) for 60-s (Pierce et al., 1986 ) and 120-s (Smith & Rasmussen, 2010) access to a running wheel. However, to date there are few, if any, pharmacological studies that have examined how antagonist-based drugs influence motivational properties of wheel activity reinforcement, which could have implications for side effects of the drugs. The present study examines the effects of naloxone and rimonabant on wheel running reinforcement.
Experiment 1 Methods
Subjects. Ten female obese fa/fa Zucker rats and 10 female lean (Fa/fa or Fa/Fa) Zucker rats (approximately 4 -6 weeks old) were purchased from a commercial breeder (Harlan, Livermore, CA). Female rats were used in this study because they often exhibit higher rates of free wheel running when compared to males (e.g., Eikelboom & Mills, 1988; Schull, Walker, Fitzgerald, & Hiilivirta, 1989; Tokuyama, Saito, & Okuda, 1982) . Rats from the Zucker strain were used because obese Zuckers exhibit lower sensitivity to wheel reinforcement compared to leans (Smith & Rasmussen, 2010) . This difference provided an opportunity to determine if naloxone would work similarly on behavior of rats that had differing motivations for wheel reinforcement, and to determine if their genotype would manifest in different sensitivities to naloxone.
Rats were singly housed in clear, Plexiglas home cages and maintained in a temperature-and humidity-controlled room (approximately 72°F) under a 12-hr light/dark cycle. One obese Zucker rat developed skin lesions during the course of the study and after unsuccessful treatment was euthanized. This rat did not complete a drug profile for the 10 mg/kg dose of naloxone. Half of the rats in each group received acute administrations of 2-AG, a natural cannabinoid ligand, at least two weeks prior to baseline data collection (and at least four weeks prior to naloxone administrations). This washout period allowed sufficient time for the 2-AG to have left the system before the present experiment began. In addition, data from these rats were analyzed and found to be statistically indistinguishable from rats that did not receive 2-AG (all p's Ͼ 0.4), so their data were pooled. At the time of testing, the leans weighed 211.63 g (SEM ϭ 3.22) and the obese weighed 437.96 g (SEM ϭ 10.58) and this difference was statistically significant t(10.65) ϭ Ϫ20.47, p Ͻ .01 (Levene correction for unequal variances).
Animals were given ad libitum access to water when not in experimental sessions. Animals also were given free access to food for 2 hr immediately following each operant session, which is a procedure that consistently allows lean and obese Zuckers rats to eat about 2.3% of their body weights. This procedure holds food deprivation constant, but allows slow growth across the life span, which allows expression of the obese and lean phenotypes (Rasmussen & Huskinson, 2008; Rasmussen, Reilly, & Hillman, 2010; Smith & Rasmussen, 2010) .
Apparatus.
Five Coulbourn activity wheels (9 ϫ 8 ϫ 3.5 in) were each attached to five standard two-lever operant chambers. Access to the wheel from the chamber was possible through a swinging door. During an experimental session, this door was locked, but would unlock under behavioral contingencies that are specified in the procedures. Each wheel and chamber was enclosed in a sound-attenuating box. White noise was used during all operant sessions to mask any external stimuli. A Windowsbased computer with Graphic State software was used to collect data and control experimental contingencies.
Drug.
Naloxone hydrochloride (0.3-10 mg/kg) was purchased from Sigma-Aldrich. It was dissolved in a saline vehicle (1 mg/ml volume).
Procedure
Wheel reinforcement training.
Specific procedures are described elsewhere (Smith & Rasmussen, 2010 ), but will be summarized here. Each rat was placed inside an operant chamber at the beginning of a session. Rats were required to press the locked swinging door under a FR5 schedule of wheel reinforcement, in which five door-presses on the locked door led to the door unlocking and allowed access to the running wheel for a 2-min period. After the 2 min elapsed, the wheel locked and the swinging door remained unlocked, such that the rat could access the chamber again. Once the rat moved to the chamber, the door locked and was therefore ready for the next ratio. Sessions were 60 min long and individual sessions were run daily at the same time in the afternoon (Ϯ 30 min) until a rat demonstrated stability (defined as three consecutive sessions in which the number of reinforcers earned did not deviate by more than 10% and there were no visible trends). Similar numbers of lean and obese rats (e.g., two lean and three obese, and vice versa) were run within each session, so specific time of day within the afternoon was counterbalanced across group.
Progressive ratio schedule.
After the rats were leverpress trained, door-pressing was placed under a progressive ratio schedule of wheel reinforcement (PR) in which the response requirement for 2-min access to the wheel started at five door presses and increased in a systematic fashion within the session with each earned reinforcer. Similar to Smith and Rasmussen (2010) , the response requirements for the progressive ratio schedule were: 5, 15, 30, 50, 90, and 150. Each session ended when ratio strain occurred (defined as a ratio not being completed within 20 consecutive min). Sessions were conducted on Sundays through Fridays. Half of the rats completed baseline PR sessions on Mondays, Wednesdays, and Fridays; half completed them Sundays, Tuesdays, and Thursdays. FR1 sessions, in which a single door press resulted in access to the running wheel for 2 min, were in effect on days between PR sessions in order to maintain the door-press. This maintenance schedule has been used in other studies (Smith & Rasmussen, 2010; Solinas & Goldberg, 2005; Wakley & Rasmussen, 2009 ). FR1 sessions ended after five wheel reinforcers were earned.
Naloxone. Once rats showed stability under baseline PR sessions, naloxone administration began. Stability was determined by visual inspection of breakpoints Ϯ 1 PR step across three PR sessions with no trend. (Because FR 1 sessions separated each successive PR session, the three PR days spanned the female rat 4-day estrous cycle, ensuring that the cycle did not confound data.) A single acute injection of naloxone in a 1 ml/kg solution was administered by intraperitoneal injection to a rat 30 min before a session began, to ensure peak absorption when the experimental session began. Administrations began with the smallest dose of the drug and increased in half-log units on subsequent drug sessions (one dose was administered per rat per session). If a dose reduced behavior by greater than 50%, the next dose was not attempted (this occurred with one lean female). Doses were administered on consecutive PR days, so at least two days separated drug administrations. All procedures were approved by the Idaho State University's Institution for Animal Care and Use Committee.
Extinction condition.
Once all doses for the assigned drug were completed under PR, an extinction condition took place that was procedurally similar to that described in Smith and Rasmussen (2010) . Here, door pressing was identical to the progressive ratio condition, except that the wheel was locked throughout the session. The purpose of the extinction condition was to ensure that door pressing was maintained by wheel activity. Extinction sessions continued until behavior stabilized. After extinction sessions, the 10 mg/kg dose (the dose that caused the greatest behavioral change from baseline) was administered before one final extinction condition (only the 3 mg/kg dose was ad-3 ANTAGONISTS AND EXERCISE REWARD ministered to the previously mentioned rat who demonstrated sensitivity to naloxone). This was done to examine whether naloxone's effects were specific to behavior maintained by wheel running, that is, to determine if a drug effect observed under the PR condition required the running wheel reinforcer.
Analysis
Data from the last three stable baseline PR sessions were averaged for each rat and analyzed for breakpoint (last ratio completed before ratio strain ensued), doorpress rates (door presses per minute), and wheel revolutions per reinforcer. Door-press rates were determined by dividing the number of door-press responses across the session by the session duration (subtracting out each reinforcer interval). Means (lean vs. obese) for breakpoints, door-press rates, and revolutions per reinforcer (the mean number of revolutions per 2-min reinforcer) were compared across group (obese vs. lean) and naloxone dose using two-way repeated measures analysis of variance (ANOVA). Because lean rats' data were significantly higher than obese rats' data, each rat's datum from the naloxone dose was divided by its baseline datum. This allowed standardization across rats to compare sensitivity to naloxone. These data were also analyzed using a two-way ANOVA with repeated measures to determine main effects of dose, group, and Group ϫ dose interactions. Post hoc contrasts between specific doses are reported also. Greenhouse-Geiser adjustments to the degrees of freedom are included when sphericity violations occurred.
In repeated measures analyses, only subjects with all of the conditions represented are accepted by SPSS for analysis. Two rats did not receive the 10 mg/kg dose (one because the 3 mg/kg dose reduced behavior to less than 50% of baseline; the other because it died). Therefore we had to conduct analyses in two ways: 1) We conducted them without the rat that was missing the 10 mg/kg dose (highest dose), which dropped the n to 18; and 2) we conducted them with all rats in the analysis, but the 10 mg/kg dose was not included as a within-subjects variable. Excluding the two rats did not change the outcome of any analysis conducted, therefore the reported analyses are those conducted without the two rats.
Data under extinction conditions were analyzed using two-way repeated measures ANOVAs (extinction vs. PR condition as a within-subjects variable and group as a between-subjects variable). Two-way repeated measures ANOVAs also compared data under vehicle versus the dose of naloxone that caused the greatest change from placebo (in most cases 10 mg/kg) and group for PR and extinction conditions. Data from the last extinction session for each rat was used in the analysis, in order to demonstrate the reduction in behavior.
Results
There were no group differences in acquisition of the lever press. Figure 1 shows increased means under extinction compared to the extinction-no drug condition, and this increase was significant F(1, 18) ϭ 9.64, p Ͻ .01, p 2 ϭ 0.35. There was no main effect for group or an interaction.
Discussion
The current study was the first, to our knowledge, to examine the effects of naloxone on wheel running as a reinforcer contingent upon a behavioral response in lean and obese Zucker rats. Obese Zucker rats had significantly lower baseline and vehicle breakpoints, response rates, and revolutions per reinforcer than lean rats, suggesting obese rats had overall lower motivation for wheel-based activity than lean rats. In addition, these group differences provided an opportunity to evaluate and compare naloxone's effects on behavior maintained by wheel-based activity that had low (obese rats) and high (lean rats) reinforcer efficacy.
Naloxone reduced revolutions per reinforcer and doorpress response rate in both groups, though only the highest dose of naloxone was effective at suppressing revolutions. No dose of naloxone increased any of the behavioral measures, suggesting a mono-phasic behavioral effect. Previous studies have examined the effects of acute naloxone on free wheel running, and have found that doses similar to the ones used in the present study reduced wheel running revolutions (Boer, Epling, Pierce, & Russell, 1990; Sisti & Lewis, 2001) . Results from these studies have been attributed to a reduction of motivation for running. Because naloxone did not affect breakpoints, it appears that naloxone's effects are specific to the consummatory aspects of wheel running. It may also be the case that naloxone reduces wheel activity 
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through motor effects, though this is unlikely, as all three dependent variables would have been lower in this circumstance. When proportion of baseline was analyzed to normalize group differences observed under baseline and vehicle conditions, disparities in drug sensitivity were not revealed. The reductions (percent of baseline) observed at the 10 mg/kg doses were similar across both groups-about a 20 -30% decrease from baseline. This suggests that, despite the behavioral and genetic differences in the lean and obese Zucker rats, the two types of rats show a comparable response to opioid blockade with naloxone.
In addition to drugs of abuse, naloxone reduces breakpoints for food under PR schedules of reinforcement (Glass et al., 1999; Solinas & Goldberg, 2005) . As such, it was hypothesized that exercise may have been another outcome to which naloxone's reward-reducing effects could be generalized, especially since endogenous opioid peptides are involved in exercise (e.g., Daniel, Martin, & Carter, 1992; Järvekülg & Viru, 2002; Spanagel, Herz, Bals-Kubik, & Shippenberg, 1991) . The data, however, suggest that naloxone may affect the consummatory behaviors involved in exercise, but not behaviors involved with seeking exercise. Interestingly, Sharpe and Samson (2001) reported a similar effect with ethanol. In their study, naloxone significantly decreased alcohol consumption, but did not strongly affect appetitive behaviors related to ethanol seeking (i.e., lever presses).
An extinction condition was used in the present study to determine whether wheel activity was necessary to maintain the door-press response, that is, to ensure that wheel activity was indeed a reinforcer. Extinction reduced breakpoints by 50 -75% of the PR condition. Therefore, wheel activity appeared necessary to maintain door pressing. Data from the extinction condition also showed that the highest dose of naloxone significantly increased breakpoints for both groups compared to extinction alone (no drug) condition. These findings suggest that naloxone's effects on activity are complex, and may involve more than one mechanism. It is unclear from these data what that mechanism may be, however, rate dependence may be speculated as an option (see Dews, 1955 ). Dews first reported that particular doses of pentobarbital had differential effects on behavior, depending on the baseline response rate that was first established. For example, a 1 mg/kg dose of pentobarbital increased response rates when baseline response rates were high; the same dose reduced response rates substantially when baseline response rates were low. While rate dependence has not been reported with naloxone to our knowledge, it may be possible that naloxone affects behavior by this mechanism.
One limitation to the current study involved the PR progression used. With only six values in the progression, we were able to capture between-groups differences in lean and obese rats, but this progression may have limited the chance to observe more subtle effects that may have been associated with the drug's effects on breakpoint. This limitation may be alleviated by using a greater number of values in the progression, but with smaller differences between them. Therefore, in the next experiment we used the Roberts and Bennett (1993) exponential progression, which meets this requirement. Because there was concern that adding values to the PR progression would lead to a greater number of 2-min reinforcers, and therefore longer session durations, which would compromise the collection of data during the duration of a peak drug effect, other adjustments to the PR schedule were made: We reduced the reinforcer duration from 120 s to 20 s and arranged the door-press operandum such that it was manipulated from inside the wheel instead of outside. The latter adjustment would eliminate travel time from the operandum to the wheel.
Experiment 2 Methods
Subjects. Five adult female Long-Evans rats were used and maintained at 90% of free feeding body weight. Females were again selected because they have higher running rates than males (e.g., Eikelboom & Mills, 1988; Tokuyama, Saito, & Okuda, 1982) . Similar to Experiment 1, rats were food deprived because slight to moderate food deprivation enhances the reinforcing properties of wheel running and wheel activity (e.g., Connally, 1969; Pierce, Epling, & Boer, 1986 ). Zuckers were not used in this experiment, because there were no differences in drug sensitivity to naloxone found between strains (Experiment 1). Because the rats were a standard laboratory strain (i.e., not Zuckers, which requires growth of body mass over time), weights were maintained in a more traditional manner. Apparatus. The same Coulbourn activity wheels (22.9 cm in diameter; 9 cm wide) were used. In this experiment, the rat was placed in the wheel for the entire session and the door to the chamber remained locked during this time. When the session began, the wheel was locked, such that the rat could not run in the wheel. The door could then be pressed from inside the wheel. Under certain conditions, door presses would unlock the wheel, such that the rat could run for a 20-s interval, then the wheel would lock again. In addition, a light mounted above the activity wheel would illuminate during the wheel reinforcer interval.
Drug. Rimonabant (National Institute of Mental Health Chemical Synthesis and Drug Supply Program), a cannabinoid antagonist/inverse agonist, was dissolved in a 1:1:18 ethanol (Sigma), Cremaphor (Sigma), and saline solution (1 ml/kg) and was administered via intraperitoneal injection 1 hr prior to the start of PR sessions so peak effect of the drug coincided with the beginning of the experimental session. A saline vehicle (1 ml/kg) was administered intraperitoneally prior to the beginning of some progressive ratio sessions.
Procedure
Wheel training. A rat was placed inside the wheel and the swinging door was locked. Similar to Experiment 1, door pressing (though the rat pressed from inside the wheel) was reinforced under an FR5 schedule of reinforcement, except this contingency unlocked the wheel for 20 s. The wheel locked and the light turned off when the reinforcer interval was complete. Sessions ended when 15 reinforcers had been reached or no responding occurred for 15 min.
Progressive ratio.
After training, door-pressing were placed under a PR schedule. The Roberts and Bennett (1993) progression was used. Here, the response requirement increased within the experimental session by an exponent of 0.2 multiplied by the number of reinforcers earned in the session to that point and rounded to the nearest integer. It produces the following values: 1, 2, 4, 6, 9, 12, 15, 20, 25, 32, 40, 50, 62, 77, 98 , and 118. Sessions ended when a single ratio was not completed within 15 min. The last earned ratio was considered the rat's breakpoint. Sessions were conducted at the same time Mondays through Fridays (Ϯ 10 min) and were conducted in the afternoons (similar to Experiment 1). Rats ran under PR schedules three times per week. Maintenance (FR 5) schedules were run the day following the PR session, similar to Experiment 1.
Rimonabant. After baseline data were collected, vehicle sessions commenced in which acute doses of saline were administered intraperitoneally individually 60 min before a PR session. Once breakpoints stabilized under vehicle conditions, dose-response determinations for rimonabant commenced. A single acute dose of rimonabant (1-10 mg/kg) was administered intraperitoneally 60 min prior to PR sessions (to allow peak absorption to occur during the experimental session), beginning with the smallest dose of the drug. These doses, and the absorption time, were chosen based on other studies that have examined rimonabant's effects on operant behavior (e.g., Rasmussen & Huskinson, 2008; Solinas & Goldberg, 2005; Wakely & Rasmussen, 2009 ).
Extinction condition with and without light.
Once all doses of rimonabant were completed under PR schedules, two extinction conditions took place to ensure the unlocked wheel maintained the door press. The first extinction schedule was identical to a PR schedule, except the wheel remained locked throughout the session. The cue light that was presented when a ratio was complete was still programmed to illuminate. Once behavior stabilized under this condition, a single 10 mg/kg dose of rimonabant was administered before a final session of extinction. After the "extinction with light condition" was complete, the second extinction condition was implemented. Here, the cue light that signaled completion of a ratio was removed. Once behavior stabilized under this condition, a single 10 mg/kg dose of rimonabant was administered before the final session. These extinction conditions allowed rimonabant's effect to be compared not only to behavior maintained by wheel activity, but also to cues that may serve as conditioned reinforcers to wheel activity.
Analysis.
Repeated-measures ANOVAs (dose of rimonabant as within-subjects variable) were performed on revolutions per reinforcer interval, breakpoints, and response rate, similar to Experiment 1. Post hoc contrasts are reported. Behavior under extinction did not differ with or without the cue light, so the cue light only condition is shown in Figure 4 . Paired-sample t tests confirmed that extinction reduced breakpoints significantly from baseline PR conditions t(4) ϭ 2.84, p ϭ .05, but the 10 mg/kg dose did not affect behavior under extinction. Rimonabant also did not affect behavior under extinction under the light-off extinction condition.
Results

Figure
Discussion
The 10 mg/kg dose of rimonabant reduced breakpoints for wheel-based activity. In addition, door-pressing response rate was suppressed at this dose. However, wheel revolutions were unaffected by any dose of rimonabant. These data suggest that behaviors involved with wheel 7 ANTAGONISTS AND EXERCISE REWARD seeking, but not wheel activity per se, were affected by the highest dose of rimonabant. Importantly, the 10 mg/kg dose of rimonabant has also been associated with at least a 40% decrease in food reinforcer efficacy in other studies using progressive ratio schedules with food reinforcement (see Rasmussen & Huskinson, 2008; Solinas & Goldberg, 2005; Wakley & Rasmussen, 2009 ).
In the rimonabant experiment, we placed an extinction condition in effect by locking the wheel throughout the session, such that door-presses did not result in a moving wheel. This was conducted to replicate whether door-pressing was maintained by exercise-based reinforcement. This extinction condition was different from Experiment 1, in that the operant was more highly accessible to the rat (since the rat was restricted to the wheel instead of the operant chamber) and therefore had a lower response cost, in terms of making contact with the wheel. In addition, a different strain of rat was used and the parameters of the PR schedules that preceded extinction differed. Nonetheless, when door-pressing did not unlock the wheel, breakpoints decreased by Ͼ50%. Rimonabant did not further reduce this decrease when the cue light that signaled completion of a ratio was presented or withheld. This suggests that 1) wheel activity is necessary for rimonabant to affect behavior in this context, and 2) rimonabant does not likely affect cues conditioned to wheel activity. This is noteworthy, as rimonabant has been reported to reduce the reinforcing properties of other types of conditioned reinforcers, for example, cues associated with food (Rasmussen & Huskinson, 2008) and drugs (e.g., Forget, Hamon, & Thiebot, 2005; Forget, Berthelemy, Saurini, Hamon, & Thiebot, 2006) . Keeney et al. (2008) reported rimonabant-induced reductions in free wheel running (i.e., revolutions) in mice that were high-running (HR) and control rats. We did not see rimonabant-related changes in revolutions in this study, though this could be due to the nature of the subjects used (Keeney used mice; the present study used rats) and that a progressive ratio was used that limited access to the running wheel. It was interesting, though, that in the Keeney study, the HR rats exhibited a heightened sensitivity to rimonabant, again implicating the ECB system in running-based activity.
It should be pointed out that the parameters of the PR schedule in Experiment 2 were different from Experiment 1, but yielded values of breakpoint, response rate, and revolutions per reinforcer interval that were similar to Experiment 1. Long-Evans rats produced mean breakpoints for wheel activity that were around 60, which was within the range of the lean and obese rats (50 -90). Response rates were similar (around five responses per minute). Revolutions per reinforcer interval in the present experiment were lower, though that may likely be due to a shortened reinforcer interval (20 s vs. 120 s from Experiment 1). If revolutions per reinforcer are divided by the number of seconds in each reinforcer interval for a standardized measure of revolutions per second, however, the lean rats in Experiment 1 had very similar revolutions rates (0.4 revolutions/s) compared to those in Experiment 2 (0.4 rev/s). The obese rats from Experiment 1, however, had lower revolution rates (0.15 rev/s). These data suggest that though parameters of the progressive ratio schedules were different across the two experiments, they produced behavior that was similar across experiments and strains of rats, yielding converging data that each progressive ratio schedule was adequately measuring the reinforcing value of exercise. Though the present study reports behavioral similarities in the two implementations of the PR schedule, it should be mentioned that Belke and Christie-Fougere (2006) found differences in behavior when wheel reinforcer durations differed. In their study, lever-press pausing under a fixed interval schedule increased as a function of the duration of the wheel reinforcer interval, which varied between 15 and 60 s. Moreover, revolution rates during the reinforcer interval were higher in intervals that were lower in duration. The differences in the results of the present study versus theirs may be related to the schedule that maintained the behavior (the PR schedule vs. the FI schedule). More research on the schedulecontrolled nuances of wheel activity as a reinforcer may be required to examine how different parameters of these schedules may influence specific features of behavior.
The data from this experiment may have implications for the rimonabant-related increase in risk of depressive symptoms reported in the Rimonabant in Obesity (RIO) clinical trials studies (Banerji & Tiewala, 2006; Despres, Golav, & Sjostrom, 2005; Pi-Sunyer, Aronne, Heshmati, Devin, & Rosenstock, 2006; Scheen, Finer, Hollander, Jensen, & Van Gaal, 2006) . While the vast majority of the participants did not report depressive symptoms over the course of the study, 0 -0.09% of the placebo group and 0.06 -3% of the 20 mg rimonabant group dropped out due to symptoms of depression, major depression, or depressed mood. The average concentration of rimonabant administered in the RIO studies (calculated by dividing the dose by the reported average body mass in kg) was about 0.10 mg/kg and 4.65 mg/kg for the 5 mg and 20 mg doses, respectively. The 20 mg dose, then, resides within the range of doses used in the present study, which was 1-10 mg/kg. Given that a small portion of this group experienced depressive symptoms, one may speculate that the mechanism may be associated with a sensitivity to the drug that may result in a general suppression of activities that may be viewed as reinforcing (such as exercise). More research on this possible link is suggested.
General Discussion
Experiments 1 and 2 showed that the dose range of two antagonists that block the reinforcing properties of drugs of abuse may also affect the reinforcing properties of exercise, though these antagonists may work in different manners. Naloxone dose dependently reduced wheel revolutions (consummatory behavior) without affecting breakpoints (appetive behavior) in Zucker rats, and rimonabant affected appetitive, without affecting consummatory, behavior in Long-Evans rats. This study was the first to demonstrate naloxone and rimonabant's effects on contingent access to exercise. These data may provide further support that the opioid system, that is, endogenous opioid peptides, is involved with exercise reward (e.g., Daniel et al., 1992; Järvekülg, & Viru, 2002; Spanagel et al., 1991) . These data also support other research that suggests that the endocannabinoid system may also be involved in exercise reward (e.g., Dubreucq, Koehl, Abrous, Marsicano, & Chaouloff, 2010; Hill et al., 2010; Smith & Rasmussen, 2010; Sparling, Giuffrida, Piomelli, Rosskopf, & Dietrich, 2003) . While there is growing evidence that opiate-based reinforcement is modulated through cannabinoid activity and vice versa (e.g., Caille & Parsons, 2006; Kirkham & Williams, 2001; Navarro et al., 2004; Solinas & Goldberg, 2005) , it is unclear at this point whether this interaction is implicated in exercise reward.
It should be pointed out that the data generated from this study are limited somewhat by the subjects used. In Experiment 1, half of the subjects in each group had previous exposure to 2-AG. Because the data were indistinguishable in those that had this history, they were grouped together for analysis. In one manner, because the effects were similar across animals with and without this experience, the effects may be said to generalize across rats with a 2-AG history. However, an argument can be made that this history was not held constant within each group and therefore may limit the internal validity of the study. Similarly, in Experiment 2, only five rats' data were used and within-subject rimonabant-related effects were compared. While effect sizes for rimonabant in these data ranged between 0.57-0.61, the number of subjects can be argued to be lower than what is traditionally accepted as a strong n.
While antagonist-based pharmacotherapies like naloxone and rimonabant are researched primarily for their main effects of treatment for addictive behaviors, often the side effects are listed as peripheral issues, instead of empirically isolating and testing them. This study represents a situation in which a specific side effect of the drugs was conceptualized, characterized, and tested on specific rat strains. Effects of these drugs on a nondrug reinforcer that may be suitable for establishing a drug-free lifestyle (i.e., exercise) were tested and dose-response information was established. For naloxone, it may the case that compliance issues may relate to the drug in some manner by making other nondrug reinforcers less rewarding. Finding treatments to offset this, for example, using a opioid agonist such as buprenorphine (e.g., Orman & Keating, 2009a , 2009b may restore this imbalance. For rimonabant, sensitivity to the higher doses of the drug may result in a heightened sensitivity to the general reward-suppressing effects of the drug, which may contribute to depression. It is important, though, that side effects for pharmacotherapies are more clearly defined, measured, and evaluated such that researchers and clinicians can better understand their effects on behavior. This study represents a first attempt at such an endeavor with rimonabant and naloxone.
